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System Notes 


.| A Voice for the Apple II 


With an Apple Il computer and a 
candard cassette-tape player, | have 
ven able to store human voices in 
igital form and recall them later with 
jatively good fidelity. In fact, my 
-3 K-byte Apple computer can store 
ip to three minutes of digital voice 
lata without additional hardware or 
ve fask storage. 

J ; My experiments in this area began 
‘ter reading other articles concerning 
_ne application of home computers to 
grice recording (see reference). These 
jrompted me to try simple hardware 

_jaditions to a standard Apple com- 
“mter and to experiment with various 
igw-priced A/D (analog-to-digital) 
{:onverters that were readily available 
‘rom local electronics supply houses. 
: The problems I encountered fell 

a Yao. three general categories: first, 

most inexpensive A/D converters will 
¡mt operate in the range of 10,000 to 
{:2.000 samples per second. This is the 
fainimum rate acceptable tor rea- 
`- ionable word reproduction. Second, 
~ Sa higher sample rates the computer 
? nemory required to store the digital 
tiata exceeds the memory of the 
‘apple computer after only a few 
wconds of actual operation. And 
jinally, the hardware | was adding to 
the computer tended to be cumber- 
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l would have to overcome each of 
| hese problems before | could store 
, voices in my computer. 
j 
Recording the Voice 

The idea for recording voice 
without additional hardware came 
| from looking at commercially 


į available software that digitizes voice 
$ 





[ome and of relatively low quality. I - 
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input to the Apple computer from a 
standard cassette-tape recorder 
through the cassette-input port. It is 
possible to monitor zero crossings of 
any analog signal, including voice, 
simply by making a recording of the 
signal on a cassette tape, then plug- 
ging the recorder into the Apple 
cassette-input port and playing the 
tape back while monitoring memory 
location C060 (hexadecimal), bit 7 
(cassette input). Above a certain level 
of input signal, the cassette input will 
read high; below this level it will read 
low. The level of this transition is 
called the threshold. 

If voice is thought of as being a 
simple sinusoidal function, it is 
readily apparent that each time the 
signal crosses the threshold, the state 
of the cassette-input bit changes. A 
history of these changes contains all 
of the frequency characteristics of the 
original analog input, assuming two 
threshold crossings per cycle. Since 
this method of data gathering really 
amounts to a 1-bit A/D conversion, 
amplitude information is not present 
and the stored voice will be repro- 
duced at a constant volume depend- 
ing on the hardware used for the 
actual playback. 

It should also be noted at this time 
that the sampling rate must meet the 
Nyquist criteria. That is, the rate at 
which the cassette-input port is read 
must be equal to at least twice the fre- 
quency of the highest voice harmonic 
that we wish to store. 

The ideal cassette recorder should 
have a volume and a tone control so 
that the user can input the correct 
amplitude and control the frequency 


». Without Extra Hardware 


range to reproduce a given voice with 
minimal noise and to cause the mid- 
point of the input signal's peak-to- 
peak amplitude to be set at the point 
where the Apple threshold (“0” to “1” 
transition) occurs. The quality of 
speech recorded will vary drama- 
tically with changes in these 
parameters, and each individual will 
have to find the correct settings by ex- 
perimentation. For my own voice and 
cassette recorder, I use relatively low 
volume settings with the tone control 
adjusted to its highest frequency. 


Data Compression 

At this point, by using the cassette 
input for data, I had solved the prob- 
lems of not being able to find inex- 
pensive A/D converters that could 
sample at a fast enough rate to record 
voice and of having to add wires and 
power supplies to my Apple com- 
puter, However, once | learned how 
to record voice and store it in 
memory, I found that about twenty 
seconds of data were all [ could han- 
dle, This was the result of packing 8 
bits of A/D data into each memory 
location. 

On close inspection | found that the 
data that had been stored did not 
always change from sample to sam- 
ple. This was true when low-fre- 
quency signals were being input and 
also during the times when no input 
was being sensed at the cassette-input 
port (eg: when the speaker stops to 
breathe, or at the beginning of a re- 
cording before the speaker has started 
talking). Since the data fluctuations 
had this characteristic, 1 decided to 
store data such that the first bit of 
each memory location represented 
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' Saated the higher harmonics to the 
+ ‘bat where word recognition became 
i Premely difficult. 
Two solutions to the above prob- 
m were possible: the first was to use 
detal-filtering techniques on the 
imed data to remove unwanted 
tue. I rejected this due to the com- 
faity of designing a bandpass filter 
Sich is not symmetrical with respect 
4a frequency equal to one half of the 
4 Dsampling rate. The design of this 
‘oe of filter requires the use of com- 
m multiplying coefficients and is 
rt practical for real-time microcom- 
tær operations on large amounts of 
2a, 
„instead, I used the hardware filters 
-trolled by the cassette-tape- 
<order tone control and sent the 
‘ta back to the cassette to be either 
worded on tape or output in the PA 
‘xblic address) mode. To do this I 
5 the output software to toggle 
temory location C020 (cassette out- 
qu! instead of the, Apple speaker. 
% results were quite good when us- 
this method to reproduce the 
voice. I used the cassette tone 
trol to filter out unwanted noise. 
just to prove that anyone can 
tand a voice that had been 


and then reproduced with’ 


it methods I have discussed in this 
iftde, I tried recording random 
fexages from several different text- 
voks and playing them back to dif- 
emt listeners. Most had no trouble 
derstanding the output once I had 
simized the sampling rates and tone 
patrols for my own voice, 


y 
fiture Plans 

The next step in my experiments 
nil be to store digitized voice on the 
rmputer disk, which should allow 
proximately ten minutes of play- 
wk. I am also trying to find meth- 
%s of packing voice data into more 
ficient patterns to minimize 
remory-size requirements. I hope 
hs article helps others find inexpen- 
fre methods of bringing speech to 
ter computers. W 
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Listing 2: A/D output routine, First store data using listing I and a cassette recorder. 
After the data is stored in the Apple memory, it can be output to the on-board snedker 
by running this program from location 860 (860G). To send the data back to the 
cassette-output port, change location 874 to 20 and run the program from location 860 
with the tape recorder in either the record or PA mode. The counter in location 877 
should be adjusted until the optimal output is found, Te number at location 892 is the 
most-significant byte of the upper limit of memory. 


860 
863 
865 
866 
869 
86B 
86E 
871 
873 
876 
878 
879 
87B 
87C 
87E 
880 
883 
886 
888 
88B 
88E 
891 
893 
895 
897 
89A 
89D 
89F 
BA2 
BAS 


AD 
29 
AA 
AD 
29 
cD 
8D 
FO 
8D 
AO 
88 
DO 
CA 
30 
DO 
EE 
EE 
DO 
EE 
EE 
AD 
c9 
DO 
A9 
8D 
8D 
A9 
8D 
8D 
00 


01 
7F 


01 
80 
AO 
A0 
03 
30 
oD 


FD 


02 
F6 
61 
67 
D8 
62 
68 
68 
co 
CB 
01 
61 
67 
10 
62 
68 


10 


10 


09 
09 


co 


08 
08 


08 
08 
08 


08 
08 


08 
08 


LDA 
AND 
TAX 
LDA 
AND 
CMP 
STA 
BEQ 
STA 
LDY 
DEY 
BNE 
DEX 
BMI 
BNE 
INC 
INC 
BNE 
INC 
INC 
LDA 
CMP 
BNE 
LDA 
STA 
STA 
LDA 
STA 
STA 
BRK 


Needa 
Real-Time Multi-Tasking 
Executive for 8080 and Z80? 


AMX 


$1001 
#S7F 


$1001 
#380 

$09A0 
$09A0 
$0876 
$C030 
#S0D 


$0878 


$0880 
$0876 
$0861 
$0867 
$0860 
$0862 
$0868 
$0868 
#SCO 

$0860 
#$01 

$0861 
$0867 
#$10 

$0862 
$0868 


Get A/D data 

Mask for counter only 

Move counter to X register 
Get A/D data 

Mask for data only 
Compare to previous data 
Store current data 
Branch if current data = 
Toggle output 
Programable delay loop 


last data 


Decrement A/D counter 

Used only for initial value of zero 
Branch if A/D counter <> 0 
Increment data pointer's LSBs 


Test for MSB increment 
Increment data pointer's MSBs 


Test for the end of memory 
Branch to next sample 
Restore pointers 


t Fauhttess operation proven in world wide use 
try hardware independent 

“Optimized for fast interrupt response 

t Minimal memory requirements 


*ROMabte for control applications 
+ terminal Handler is CP/M BDOS compatible 
* Console Driver supports Intel iSBC boards 
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iN speeds user system configuring 


e Program in PL/M, Fortran, Pascal or Assembler 

e source code included (Intel or Zilog mnemonics) 
t Unlimited use licence agreement 

* Complete documentation (available separately) 
+ Low cost 


Dealer enquiries invited 


JE KADAK Products Ltd. 
AF 


206-1847 West Broadway Avenue 
Vancouver, BC., Canada VAJIYS 
Telephone (604) 734 2796 


CY Misa trademark of Digital Research Corp: RMXCSO SBC are tiadenuks ol telt wp 


Clrete 216 on ina tiry card. 
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